We analyse the implications of the Wilkinson Microwave Anisotropy Probe (WMAP) results for a braneworld tachyonic model of inflation. We find that that the running of the scalar spectral index is within the bounds determined by WMAP; however, it is not possible to obtain n s > 1 on large scales and n s < 1 on small scales. We have also studied the possibility for power spectrum suppression at lower multipoles, as observed by the COBE DMR and confirmed by WMAP.
Introduction
Recent measurements of the cosmic microwave background anisotropies lend powerful support to the inflationary paradigm i.e. the existence of an epoch of accelerated expansion in the very early universe which dynamically solves the cosmological puzzles such as the homogeneity, isotropy and flatness of the universe [1] . During this accelerated expansion phase, primordial quantum fluctuations of fields are amplified and act essentially as seeds for structure formation in the universe. In particular, the remarkably accurate data set obtained by the WMAP satellite has made it possible to significantly constrain inflationary models, on the basis of their predictions for the primordial power spectrum of density perturbations [2, 3, 4] . WMAP data provides no indication of any significant deviations from gaussianity and adiabacity; moreover, it allows for very accurate constraints on the spectral index, n s , and its running, α s [5] n s = 1.10 on the scale k 0 = 0.002 Mpc −1 . The data suggest but do not require that, at 2σ level, n s runs from n s > 1 on large scales to n s < 1 on small scales; we should stress, however, that the statistical significance of this result is not entirely clear, as pointed out in Refs. [6, 7, 8] .
Another very interesting result of the WMAP collaboration [3] , which confirms earlier COBE observations, is the lower amount of power on large scales when compared to the predictions of standard ΛCDM models, which otherwise fit the rest of the power spectrum with extraordinary accuracy. Although it is still premature to interpret this result as a serious problem since it could be attributed to cosmic variance, this lack of power at lower multipoles may be a hint of physics beyond ΛCDM models and deserves further attention. Several mechanisms that could be responsible for this suppression have recently been discussed in [9, 10, 11] .
Recently, following the pioneering work by A. Sen in understanding the role of the tachyon condensates in string theory [12] , there has been considerable interest in developing models of inflation driven by such a field [13, 14] . One of the main problems in modeling tachyon inflation in standard Einstein gravity is that one cannot obtain sufficient inflation to solve the cosmological problems for a reasonable choice of model parameters [14] . Moreover, in this scenario, inflation occurs at super-Planckian values of the brane energy density, making the effective four-dimensional gravity theory unreliable near the top of the potential.
In a recent work [15] , an alternative framework for inflation driven by the tachyon field was proposed, where the tachyon is seen as a degree of freedom on the visible three dimensional brane. For this purpose, a specific braneworld scenario is considered, the Randall-Sundrum Type II model, which implies that the dynamics on the brane is described by a modified version of the Einstein equations [16, 17, 18] . In this context, it has been shown that one can have a successful inflationary scenario, where there is sufficient inflation while the energy density remains sub-Planckian.
In this article, we study the implications of WMAP results for the model proposed in Ref. [15] .
Braneworld Tachyonic Inflation
The effective action of the tachyon field can be written as [19, 20] 
where the 3D brane tension, τ 3 , is given by
g s being the string coupling and M s the string mass scale, given by M s = l −1 s , where l s is the fundamental string length scale.
Notice that the kinetic term has a nonstandard form due to the factor exp(−T ); it is, however, possible to write this term in canonical form via a field redefinition:
As a consequence, the potential becomes
Notice that 0 < φ < 1; the limit φ → 0 (T → ∞) corresponds to the stable vacuum to which the tachyon condensates.
We consider the potential (2.4), within the 5-dimensional brane scenario, in which a negative cosmological constant in the bulk is required (anti-de Sitter bulk); moreover we will assume that the matter fields are confined to the 3-brane. In this case, the Friedmann equation acquires an extra term, becoming [16, 17, 18 ]
where Λ is the 4-D effective cosmological constant, which is related to the 5-D cosmological constant and the brane tension, λ, through
The brane tension relates the four and five dimensional Planck masses via
Assuming that the 4-D cosmological constant cancels out via some mechanism, the last term in Eq. (2.5), which represents the influence of bulk gravitons on the brane, rapidly becomes unimportant after inflation sets in. In this case, the Friedmann equation becomes
The new term in ρ 2 is dominant at high energies, but quickly decays at lower energies, and the usual 4-D FRW cosmology is recovered. Since the scalar field is confined to the brane, its field equation has the standard form
We will consider the slow-roll approximation, in which case the inflationary parameters can be written as [21] 12) where prime indicates a φ-derivative and the extra factor 1/8τ 3 l 2 s appears due to the field redefinition, Eq. (2.3).
The number of e-folds during inflation is given by N = t f t Hdt, which, in the slow-roll approximation, becomes [21] 
where φ f is the value of φ at the end of inflation, which can be obtained from the condition
14)
The amplitudes of scalar and tensor perturbations are given, respectively, by [21] 15) and
The subscript k = aH means that the amplitudes should be evaluated at Hubble radius crossing. We parametrize the tensor power spectrum amplitude by the tensor/scalar ratio
The scale dependence of the scalar perturbations is described by the spectral tilt 18) and the running of the spectral index can be written as
In the following, we shall use the high energy approximation, V ≫ λ, in which case we obtain, for this model
The number of e-folds between the time the scales of interest leave the horizon and the end of inflation is given by 21) where φ k is the value of φ at scale k and we define
We find that the slow-roll parameters are given by
23)
24)
and that the amplitude of scalar perturbations can be written as
(2.26)
The ratio between the tensor and scalar amplitudes is then
(2.27)
Model Predictions and Comparison with Observations
We have studied the dependence of the scalar spectral index, its running and the tensor/scalar ratio, on parameters β and N * = N k (k = 0.002 Mpc −1 ), where k = 0.002 Mpc
is the scale best probed by WMAP observations. We have chosen to vary N * since, as recently discussed in Refs. [22, 23] , there are considerable uncertainties in the determination of this quantity, which depends, for instance, on the mechanism ending inflation and the reheating process. In Ref. [22] it is shown that, for a vast class of slow-roll models, within standard cosmology, one should have N * < 67. In Ref.
[23], a plausible upper limit is found, N * ∼ < 60, with the expectation that the actual value will be up to 10 below this. However, the authors stress that there are several ways in which N * could lie outside that range in either direction. If inflation takes place within the braneworld context, in the high energy regime, the expansion laws corresponding to matter and radiation domination are slower than in standard cosmology, which implies a greater change in aH relative to the change in a, requiring a large value of N * ; hence, we take N ⋆ up to 100.
In Ref. [5] , inflationary slow-roll models were classified according to the curvature of the potential, η. For models with η < 0 (class A in [5] ), at 95% CL, the bounds are 0.94 ≤ n s ≤ 1.00 , − 0.02 ≤ α s ≤ 0.02 , r s ≤ 0.14 , The model we are studying is basically class A but, for φ > 1/e, it becomes class B.
In Figure 1 , we show contours for different values of n s (dashed), α s (full) and r s (dotdashed) in the (β, N * ) plane. We also show the dividing line (bold dot-dashed) between the regions where the model behaves as class A (upper region) and class B (lower region).
We see that one cannot get values of n s larger than 1; indeed, it can be shown that n s (φ) < 1 − β/2π. It is, however, possible to obtain values as high as 0.97, if we allow N * to be as large as 70. Moreover, the constraint n s ≤ 0.94 implies an upper bound on β; β < 0.4.
Regarding the constraints on α s and r s , they are clearly satisfied in this model, It is clear, however, that small negative values for the running are preferred (e.g., for N * = 55, we find |α s | ∼ 10 −3 − 10 −4 ).
We find that, for the parameter range of Figure 1 , the total number of e-folds, N tot , is always larger than 70, the minimum required to solve the flatness/horizon problems. 
Contours for different values of M 5 are shown in Figure 2 . Eq. (2.2) then leads to the τ 3 contours also shown in Figure 2 ; we get
Hence, we conclude that the the string is weakly coupled and that the string energy density remains sufficiently below the Planck scale thereby justifying the use of the low energy 4-D gravity theory. We have also studied the dependence of the amplitude of the scalar perturbations on the comoving scale, k, in order to infer the behavior of the primordial power spectrum. The number of e-folds during inflation, N k , is related to k by 6) where k e is the value of k at the end of inflation and we have assumed, for simplicity, that H is approximately constant during inflation; inserting this relation into Eq. (2.26), we obtain the amplitude of scalar perturbations as a function of k. The result is shown in Figure 3 , where we have used the COBE normalization. We conclude that the power spectrum is not suppressed at lower multipoles, as observed by COBE and confirmed by WMAP. From Eq. (3.6) it is also possible to analyse the behavior of n s with k, with the conclusion that n s decreases with k; however, as stressed before, it is always smaller than unity and therefore it is not possible to have n s > 1 on large scales and n s < 1 on small scales, as favored by WMAP data.
Conclusions
We have analysed the implications of WMAP results for the tachyonic inflation in the context of braneworld cosmology. We find that the main constraints come from WMAP's lower bound on n s . It implies that β has to be small, β < 0.4. It also requires that N * should be larger than about 35. However, if we take into account the bounds on r s , we see that, for low values of β, N * > 50 is needed. The α s bound does not constrain the parameter space since small negative (near zero) values are still allowed by WMAP data. Notice, however, that more negative values for the running are obtained for small N * .
We have also analysed the possibility that the spectral index runs from red on small scales to blue on large scales and conclude that, although n s decreases with k, its is not possible to obtain n s ≥ 1.
We have checked that, for β < 0.4, N ⋆ < 100, the string remains weakly coupled, g s ∼ 10 −16 − 10 −11 and the string energy density remains sufficiently below the Planck scale, τ 3 ∼ < 10 −13 M 4 P − 10 −7 M 4 P , so that the use of the low energy 4-D gravity theory is vindicated. We have also obtained upper bounds on the five dimensional Planck mass, M 5 ∼ < 10 −2 M P .
Finally, we have studied the possibility of obtaining suppression of the spectrum at large angular scales, with the conclusion that this is not possible for this model.
